Using the classical coordination compound, Ru(NH 3 ) 5 (H 2 O) 2+ , we have prepared a metal complex with a 4,6-dimethyldibenzothiophene ligand. The compound Ru(NH 3 ) 5 (H 2 O) 2+ also reacts with thiophene, benzothiophene and dibenzothiophene (DBT) at room temperature. We have found that Ru(NH 3 ) 5 (H 2 O) 2+ removes over 50% of the DBT in simulated petroleum feedstocks by a biphasic extraction process. The extraction phase is readily regenerated by air-oxidation thereby completing a cyclic process that removes DBT from petroleum feedstocks. 4 ABSTRACT 3 LIST OF GRAPHICAL MATERIAL 6 EXECUTIVE SUMMARY 8 RESULTS AND DISCUSSION 13 Syntheses and Structures of [Ru(NH 3 ) 5 (Thiophenes)][PF 6 ] 2. 13 5 Oxidation of [Ru(NH 3 ) 5 (Thiophenes)][PF 6 ] 2 .
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Considering the lack of success in developing more effective catalysts, we have developed a completely different approach to the removal of hindered dibenzothiophenes (R 2 DBT) from petroleum. This approach, elegant in its simplicity, involves the use of Ru(NH 3 ) 5 (H 2 O) 2+ to selectively bind and extract 4,6-R 2 DBT molecules from petroleum feedstocks. Then, the 4,6-R 2 DBT molecules can be removed from the Ru(NH 3 ) 5 (4,6-R 2 DBT) 2+ by air oxidation. Reduction of the resulting Ru 3+ complex with H 2 gives back the extracting Ru(NH 3 ) 5 
EXPERIMENTAL General Considerations. All reactions were carried out under an atmosphere of dry argon using standard Schlenk techniques. Diethyl ether (Et 2 O) was purified on alumina using a Solv-Tech solvent purification system, as described by Grubbs and co-workers. 5 All other chemicals were used without further purification as purchased from Aldrich.
Filtrations were performed with celite on filter paper. NMR spectra were obtained on a modified 400 MHz Varian VXR-400 spectrometer using CD 3 COCD 3 as internal lock and reference. Elemental analyses were performed on a Perkin-Elmer 2400 series II CHNS/O analyzer. UV-Vis spectra were obtained on a Hewlett Packard 8452A Diode Array Spectrophotometer with a deuterium lamp, using quartz cuvettes. 6 , 4,6-dimethyldibenzothiophene (4,6-Me 2 DBT) (29 mg, 0.136 mmol), and palladium (10 wt. % on activated carbon) (10 mg) were added. The solution was cycled through three freeze/pump/thaw sequences to remove air from the system. The flask was warmed to room temperature and H 2 (g) was bubbled through the solution for 15 min. The resulting yellow solution was allowed to stand under H 2 for 45 min. The product was precipitated with 35 mL of Et 2 O, and the solution was filtered to remove excess 4,6-Me 2 DBT. The product was dissolved by adding 10 mL of acetone, which had been cycled through three freeze/pump/thaw sequences and warmed to room temperature. Then, H 2 was bubbled through the solution for 5 min. The solution was then filtered (to remove (2) . The same procedure as (1) was 12, 138.62, 127.95, 125.10, 123.11, 121.95 ppm. 54, 139.52, 128.12, 127.72, 125.98, 124.68, 123.85, 122 .56 ppm. 6 ] 2 (4). The same procedure as (1) 
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RESULTS AND DISCUSSION
Syntheses and Structures of [Ru(NH 3 ) 5 (Thiophenes)][PF 6 ] 2 . As shown previously by
Taube and co-workers, 7 Ru(NH 3 ) 5 Table 2 , the chemical shifts of the 1 H and 13 C NMR bands of the thiophene ligands are noticeably different in the Ru(NH 3 ) 5 (Thiophenes) 2+ complexes than the free thiophenes. These NMR data clearly show that the thiophene ligands are η 1 -Scoordinated in these complexes. 8 The reactions of the thiophenes with Ru(NH 3 ) 5 
As shown in
(H 2 O) 2+
are complete within 35 min, but the products are very air sensitive. For this reason, we add 10 mg of Pd/C (10% by weight) and bubble H 2 for 15 min through the solution in order to maintain the Ru(NH 3 ) 5 (Thiophenes) 2+ products in the reduced Ru 2+ form.
Additional H 2 is added periodically when the solution begins to darken indicating the formation of the red Ru(NH 3 ) 5 In hydrotreated petroleum feedstocks DBT and R 2 DBT are the main components that must be removed. Table 1 shows that thiophene binds favorably to Ru(NH 3 ) 5 (H 2 O) 2+ .
However, DBT binds even more strongly based on equilibrium studies of thiophene displacement from other Ru complexes, (η 5 -C 5 H 5 )Ru(CO)(PPh 3 )(Thiophene) + . 16 When comparing the binding strengths of thiophenes, DBT and 2,8-dimethydibenzothiophene bind 74.1 and 358 times more strongly than thiophene. 17 As shown in Table 1 catalysts is a mature field and unlikely to achieve the necessary low-sulfur fuels required by the EPA. 2 A new approach is needed to reach these very low levels of sulfur. We believe that such an approach must meet the following criteria: 1) it must be able to reduce or remove DBT and 4,6-Me 2 DBT, 2) it must be economically viable, 3) and it must be heterogeneous in nature. These criteria are addressed by our process in the These DBT extractions reach equilibrium within one hour at room temperature.
Equilibrium constants calculated for the two extractions give an average value of K eq = 0.0108 (Scheme 4). K Average = 0.108 CONCLUSIONS Reducing further the sulfur content in hydrotreated petroleum feedstocks is a challenging goal. Our results reported herein make a significant contribution towards that end. We have prepared and characterized the metal complex Ru(NH 3 ) 5 (4,6-Me 2 DBT) 2+ .
On the basis of the demonstrated ability of Ru(NH 3 ) 5 (H 2 O) 2+ to bind DBT, we have developed a process for the removal of DBT from simulated feedstocks. These initial studies show that at least 50% of the DBT in fuel feedstocks can be removed by using this system. Moreover, the DBT can be removed from the extracted form, Ru(NH 3 ) 5 (DBT) 2+ , and Ru(NH 3 ) 5 (H 2 O) 2+ can be regenerated for re-use in the extractions.
Each step of this process has been demonstrated in laboratory experiments. Future studies will focus on extractions of a broader range of organosulfur compounds in petroleum feedstocks.
